The mechanical properties of glass ionomers, with and without silver addition, for manual mixing and for mechanical mixing, were examined using commercial products. The shear bond strength of the same materials to non-treated human tooth was also examined. The mechanical properties and bond strength of silver-added materials were significantly lower than those of conventional ones. The bond strength to dentin was similar regardless of the addition of silver; however, that to enamel was statistically lower with silver-added materials. No significant difference was observed between the materials for manual mixing and mechanical mixing, whether the material was silver-added or not. The bond strength correlated highly with diametral tensile and flexural strength, but the compressive strength did not have such a relationship.
INTRODUCTION
Glass ionomers have been developed as a favorable restorative material in selected clinical situations, based on their inherent physical and chemical properties.
They have a number of useful characteristics, for instance: the ability to bond to both enamel and dentin to such a degree as to reduce a microleakage1-4), gradual fluoride releasing anticariogenic properties4-6), slight reactivity to pulpal tissue7), and hygroscopic expansion that closes any marginal gaps which may form during setting shrinkage8).
Silver-added glass ionomers, which are for mechanical mixing have been commercially available since a few years ago. Their fluoride release and influence on the bond strength to enamel and dentin4), setting shrinkage in the dentinal cavity and bond strength8), compressive strength and abrasion resistance9), the possibility for use as a core material10), microleakage and mechanical properties11,12), have been reported. Currently, a similar material, which is for manual mixing, is commercially available from the same manufacturer.
In this study, the mechanical properties of these glass ionomers and their bond strength to human tooth were examined. The difference between the materials for manual mixing and for mechanical mixing was also examined using commercially available products.
MATERIALS AND METHODS

Materials
Two glass ionomers, with and without silver addition, were used for this experiment (Table 1) . These materials have similar composition except for Ketac-Silver and Chelon- 
RESULTS AND DISCUSSION
Previous studies of a silver-added glass ionomer (Ketac-Silver)4,9,11,12,14) indicate many characteristic behaviors in mechanical properties and bonding to tooth. This product was supplied by a manufacturer to be mixed mechanically. Unfortunately, in these reports, the merit of silver addition was not indicated properly. Currently, products for manual mixing (either silver-added or not) are commercially by the same manufacturer, which make it possible to examine the effect of silver addition and the difference between the materials for manual mixing and mechanical mixing.
(1) Mechanical properties of glass ionomers
The results of the mechanical testing are presented in Tables 2 to 4 . Compressive, diametral tensile and flexural strengths of silver-added glass ionomers were significantly lower than those of the conventional ones (p<0.05). No significant differences were observed Table 2 Compressive strength
Number of specimen=15-16 *: Means are listed in decreasing order . **: Means linked by vertical lines were not significantly different (p>0 .05). Number of specimen=9-14 *: Means are listed in decreasing order . **: Means linked by vertical lines were not significantly different (p>0 .05). During the course of bond strength tests, the majority of failures occurred in the glass ionomer itself rather than at the glass ionomer/tooth interface. This means the bonding failure would occur cohesively and not adhesively, as other recent reports have stated1,2,4,8) Therefore, the mode of bonding failure would apparently correlate to the strength of glass ionomer itself.
Since a high correlation was observed between either diametral tensile or flexural strength of glass ionomers and their bond strength to tooth, it is beneficial to estimate the bonding characteristics from these mechanical properties without making an actual bond test.
It has become apparent that the mechanical properties of silver-added materials were lower than those of the conventional ones. Also, a significant reduction in bond strength to enamel was observed in the case of silver-added materials, although the less reduction in the bond strength to dentin was seen. At present, the reason why the silver-added materials are less favorable in either mechanical properties or bond strength is not understandable from the present study, nor from the previously reported investigations.
In summary, the silver-added glass ionomers do not have favorable properties investigated in this study. Materials for either manual mixing or mechanical mixing were compared and no merit was obtained from the material for mechanical mixing. So, if this material is apt to be used for occlusal restoration or core build-up as recommended by the manufacturer, further research, other than mechanical properties and bond strength, should be made.
CONCLUSIONS
The mechanical properties and shear bond strength to human tooth of glass ionomers, with and without silver sddition, for manual mixing and for mechanical mixing, were examined using commercial products.
The following results were obtained: 1) The compressive, diametral tensile and flexural strength of silver-added glass ionomers were lower than those of the conventional (non-silver) materials. These differences were significant with only one exception for the compressive strength of non-silver material.
2) The bond strength of silver-added materials to enamel were significantly lower than those of the conventional ones. With respect to dentin, the difference of the bond strength between the silver-added and conventional materials was not significant.
3) No significant difference in mechanical properties or bond strength was observed between the materials for mechanical mixing and manual mixing, although the powder/liquid ratio was obviously different. 4) A high correlation was observed between either diametral tensile or flexural strength of glass ionomers and their bond strength to tooth. Therefore, it is beneficial to estimate the bonding characteristics from these mechanical properties without making an actual bond test.
